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PROCESS FOR PROnilf-ING WATER SOLUBLE 
ANIONIC DISPERSION P OLYMERS 

Field of the Invention 

This invention is related to a composition, and a process of preparing nonionic 
and anionically charged water soluble polymers in the form of finely divided particles 
of the polymer in an aqueous salt media. The polymers are useful as flocculants, 
retention and drainage aids in the manufacture of paper, and for other uses. 

Introduction 

One of the problems that has confronted industry in the use of water soluble 
polymer flocculants is how to dissolve the polymer into water so that it can be utilized 
for its intended purpose. Early water soluble polymers were provided as dilute 
aqueous solutions. As the technology improved, and the molecular weights of the 
polymers were improved, it became increasingly difficult for manufacturers to ship 
these polymers in solution form because of the high viscosity of even one-half to one 
percent solutions of the polymers. Manufacturers accordingly started shipping the 
polymers in the form of commutated solids which could be dissolved into water using 
various mechanical means. While solving shipment problems, some mechanical 
means degraded the polymers through shear, and, incomplete dissolution of water 
soluble polymers, the formation of swollen translucent particles, was common. This 
led to a waste of polymer, and in some cases, detrimental results such as in the case of 
so called "fish-eye" particles which caused defects in the manufacture of paper. In the 
early 1970's water-in-oil emulsions of water soluble polymers were introduced. Using 
the water-in-oil technology, high molecular weight polymers that rapidly dissolved 
could be produced, and this technology achieved great acceptance in the water soluble 
polymer industry. A disadvantage of the water-in-oil emulsion polymer technology 
however is that the emulsions contain substantial quantities of hydrocarbon liquid. 
The introduction of hydrocarbon liquids into the systems where these water soluble 
polymers are used is not always beneficial. 
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U.S. 4,929,655 and U.S. 5,006,590 issued to Kyoritsu Yuki Co. Ltd. describe 
and claim a method for the production of dispersions of water soluble cationic 
polymers. These polymers were manufactured in an aqueous salt or brine solution in 
which the polymer was insoluble. The disclosure of these two patents is hereinafter 
incorporated by reference into this specification. The process yielded dispersions of 
high molecular weight polymers which when added to water would completely 
dissolve over a relatively short period of time. While an advance to the art, the 
invention was practical only for dispersions of cationically charged water soluble 
polymers containing at least a portion of a hydrophobically modified cationic 
monomer. Anionically charged water soluble polymers, those typically useful as 
flocculants and as drainage and retention aids in the manufacture of paper, although 
disclosed, could not be successfully made utilizing the Kyoritsu Yuki method which 
relies upon the inclusion of a cationic monomers having hydrophobic quaternary 
ammonium groups. Anionic polymers of course can not be prepared which include 
such functionality without detracting from the performance of the resultant polymer 
which is based on the anionic character of the polymer. 

In the process of dispersion polymerization, the monomer and the initiator are 
both soluble in the polymerization medium, but the medium is a poor solvent for the 
resulting polymer. Accordingly, the reaction mixture is homogeneous at the onset, 
and the polymerization is initiated in a homogeneous solution. Depending on the 
solvency of the medium for the resulting oligomers or macroradicals and 
macromolecules, phase separation occurs at an early stage. This leads to nucleation 
and the formation of primary particles called "precursors" and the precursors are 
colloidally stabilized by adsorption of stabilizers. The particles are believed to be 
swollen by the polymerization medium and/or the monomer, leading to the formation 
of spherical particles having a size in the region of — 0.1-10.0 microns. 

In any dispersion polymerization, the variables that are usually controlled are 
the concentrations of the stabilizer, the monomer and the initiator, solvency of the 
dispersion medium, and the reaction temperature. It has been found that these 
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variables can have a significant effect on the particle size, the molecular weight of the 
final polymer particles, and the kinetics of the polymerization process. 

Particles produced by dispersion polymerization in the absence of any 
stabilizer are not sufficiently stable and may coagulate after their formation. Addition 
of a small percentage of a suitable stabilizer to the polymerization mixture produces 
stable dispersion particles. Particle stabilization in dispersion polymerization is 
usually referred to as "steric stabilization". Good stabilizers for dispersion 
polymerization are polymer or oligomer compounds with low solubility in the 
polymerization medium and moderate affinity for the polymer particles. 

As the stabilizer concentration is increased, the particle size decreases, which 
implies that the number of nuclei formed increases with increasing stabilizer 
concentration. The coagulation nucleation theory very well accounts for the observed 
dependence of the particle size on stabilizer concentration, since the greater the 
concentration of the stabilizer adsorbed the slower will be the coagulation step. This 
results in more precursors becoming mature particles, thus reducing the size of 
particles produced. 

As the solvency of the dispersion medium increases, (a) the oligomers will 
grow to a larger MW before they become a precursor nuclei, (b) the anchoring of the 
stabilizer moiety will probably be reduced and (c) the particle size increases. As the 
initiator concentration is increased, it has been observed that the final particle size 
increases. As for the kinetics, it is reported that when the dispersion medium is a non- 
solvent for the polymer being formed, then the locus of polymerization is largely 
within the growing particles and the system follows the bulk polymerization kinetics, 
n (the kinetic chain length) = R^/R,, where R^, is the propagation rate and R, is the 
termination rate. As the solvency of the dispersion medium for the growing polymer 
particle is increased, polymer growth proceeds in solution. The polymeric radicals 
that are formed in solution are then captured by growing particles. Consequently, the 
locus of the particle polymerization process changes and there is a concomitant change 
in the kinetics of polymerization. While earlier attempts have attempted to 
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manufacture dispersion polymers of anionic or nonionic monomers through the 
incorporation of monomers having a hydrophobic character, we have found that 
anionic and nonionic water soluble dispersion polymers can be prepared which are 
stable, of high molecular weight, and which do not contain monomers having a 
hydrophobic character. 

Accordingly, this invention is directed to the manufacture of nonionic and 
anionically charged water soluble polymers, in dispersion form, which do not 
necessarily require the inclusion of a hydrophobically modified monomer. This 
invention is directed to a composition, and method for the manufacture of high 
molecular weight, nonionic and anionically charged, water soluble vinyl addition 
polymers in aqueous dispersion form. The polymers include, and are made utilizing 
certain water soluble anionically charged vinyl addition polymer dispersants. The 
unique aspect of the polymers of this invention is that the polymers are prepared 
without the inclusion of a monomer which would decrease the water solubility of the 
resultant polymer material, that is to say that there is no inclusion of a monomer which 
would have hydrophobic characteristics. As a result of the invention, aqueous salt 
dispersions of water soluble anionic and nonionic polymers can be prepared without 
the inclusion of a hydrophobic monomer component. 

It is accordingly an object of this invention to provide novel aqueous 
dispersions of water soluble nonionic and anionically modified water soluble 
polymers. 

It is also an object of this invention to provide a novel method for the 
preparation of both nonionic and anionic water soluble vinyl addition polymers. 
Further objects will appear hereinafter. 

The Invention 

The novel dispersion polymers of this invention include from about: 
a) 5 to about 50 weight percent of a water soluble anionically charged 
polymer having been prepared by polymerizing under free radical 
forming conditions at a pH value of from about 2 to about 5: 
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i. 0-100 mole percent of an anionically charged vinyl monomer; 
and, 

ii 1 00-0 mole percent of a nonionic vinyl monomer in the 
presence of 

b) from about 0. 1 to about 5 weight percent, based on the total weight of 
the dispersion, of a stabilizer selected from the group consisting of an 
anionically charged water soluble polymer having an intrinsic viscosity 
in IM NaN0 3 of from about 0.5 to 7.0 dl/g. 

c) from about 5 to about 40 weight percent based, on the total weight of 
the dispersion of a water soluble salt selected from the group consisting 
of ammonium, alkali metal and alkaline earth metal halides, sulfates, 
and phosphates; and, 

d) balance water, 

said dispersion being characterized as having a bulk Brookfield 
viscosity of from about 10 to about 25,000 cps at 25°C. 

The Vinyl Addition Monomers 

The anionically charged vinyl addition monomers useful in this invention may 
be selected from a broad group. The monomers should have vinyl or allyl 
functionality, and contain a carboxyl, phosphonate, sulfonate, or other anionically 
charged group, or the corresponding alkali metal alkaline earth metal or ammonium 
salt of such monomer. 

Examples of suitable monomers include acrylic acid, methacrylic acid, 
acrylamidomethylpropanesulfonic acid, acryamidomethylbutanoic acid, maleic acid, 
fumaric acid, itaconic acid, vinyl sulfonic acid, styrene sulfonic acid, vinyl phosphonic 
acid, allyl sulfonic acid, allyl phosphonic acid, sulfomethylated acrylamide, 
phosphonomethylated acrylamide and water soluble alkali metal, alkaline earth metal, 
and ammonium, salts thereof. It will be seen by those skilled in the art that the subject 
invention is not limited to any particular anionically charged vinyl monomer, and that 
the choice of monomer will be based upon several factors including the ability of the 
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monomer to polymerize with any other comonomer selected, the use of the produced 
polymer, and cost. Of particular importance, and a preferred anionic monomer in the 
practice of this invention is acrylic acid, its alkali metal and ammonium salts. In 
certain situations it may be possible to chemically modify a non-ionic monomer 
component contained in the dispersion polymer of the invention after polymerization 
to obtain an anionic functional group, for example, the modification of an incorporated 
acrylamide mer unit to the corresponding sulfonate or phosphonate. 

The nonionic monomer useful in this invention may be any water soluble allyl 
or vinyl monomer having no substantial anionic or cationic charge. Preferred 
monomers of this class include acrylamide and methacrylamide, N- 
isopropylacryiamide, N-t-butyl acrylamide, and N-methylolacrylamide. A preferred 
nonionic vinyl monomer is acrylamide. Again, other nonionically charged monomers 
may be utilized without departing from the spirit and intent of the invention. 

The water soluble vinyl addition polymer may accordingly contain from 0-100 
mole percent of the anionic water soluble monomer, and preferably from about 5 to 
about 100 mole percent and most preferably from about 7 to about 100 mole percent 
of an anionic monomer. As will be accordingly be seen, aqueous dispersion 
homopolymers of anionic monomers, and especially acrylic acid can be obtained in 
accordance with this invention. Correspondingly, the non-ionic monomer is generally 
present at a level of from 0 to about 100 mole percent, and preferably from about 1 to 
about 95 mole percent. Most preferably from about 5 to about 70 mole percent of the 
polymer may be the nonionic monomer. As can be seen the dispersion polymers of 
this invention encompass not only anionically charged polymers, but also nonionically 
charged polymers such as polyacrylamide. 

The total amount of water soluble polymer prepared from the anionic and the 
nonionic water soluble monomers in the dispersion may vary from about 5 to about 50 
percent by weight of the total weight of the dispersion, and preferably from about 10 
to about 40 percent by weight of the dispersion. Most preferably the dispersion 
contains from about 15 to about 30 percent by weight of the polymer prepared from 
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the nonionic and anionic water soluble monomers. 

The Siahilizfic 

The dispersion polymers of the instant invention contain from about 0.1 to 
about 5 weight percent based on the total weight of the dispersion of a stabilizer 
selected from the group consisting of an anionically charged water soluble polymer 
having a molecular weight ranging from about 100,000 to about 5,000,000 and 
preferably from about 1,000,000 to about 3,000,000. The stabilizer polymer must be 
soluble in the salt solution, and must be soluble in water. The stabilizer polymers of 
the invention generally will have an intrinsic viscosity in IM NaN0 3 of from about 
0.1-10 dl/g and preferably have an intrinsic viscosity ranging from abut 0.5-7.0 dl/g. 
Most preferably the stabilizer polymers have an intrinsic viscosity of from about 2.0- 
6.0dl/g at 30°C. Optionally, the stabilizer polymer may be slightly insoluble in the salt 
solution, i.e.: having some hydrophobic properties. A particularly useful water soluble 
polymer stabilizer is an anionically charged water soluble polymer which is soluble in 
water, and soluble or slightly soluble in the salt solution. Preferred stabilizers are 
polymers and copolymers of acrylamidomethylpropane sulfonic acid, said polymer 
containing at least 20 mole percent acrylamidomethylpropane sulfonic acid. These 
polymers may be made using conventional polymerization techniques, either in 
solution, or water-in-oil emulsion form. Optionally, the polymers may be prepared in 
accordance with the instant invention. The choice of a particular stabilizer polymer 
will be based upon the particular polymer being produced, the particular salts 
contained in the salt solution, and the other reaction conditions to which the dispersion 
is subjected during the formation of the polymer. In a preferred embodiment of the 
invention from about 0.1 to about 5 percent by weight, based on the weight of the total 
dispersion or product, of the stabilizer polymer is utilized. Preferably from about 0.25 
to about 1 .5 percent by weight based on the total weight of the dispersion or product is 
utilized, and most preferably, from about 0.4 to about 1.25 percent by weight stabilizer 
is utilized based on the weight of the total dispersion or finished product. 

One of the parameters for making the stable polymer dispersions of the present 
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invention is that the pH of the dispersion during the formation of the polymer must be 
within the range of from about 2 to about 5 and preferably from about 2.5 to about 4.5. 
Most preferably, the pH value of the dispersion during polymerization is between 
about 2.75 to about 4.25. The pH of the polymerization has been found to be critical 
in the formation of the stable polymers of the invention. After polymerization the pH 
of the dispersion may be adjusted to any desired value as long as the polymer remains 
insoluble to maintain the dispersed nature. Conducting the polymerization step at the 
pH values specified is believed to be important because of the decreased water 
solubility of the anionically charged monomers at these values. Polymer dispersions 
prepared in the absence of the stabilizer component of the invention resulted in paste 
like slurries indicating that a stable dispersion did not form. The paste like products 
generally thickened within a relatively short period of time into a mass that could not 
be pumped or handled within the general applications in which polymers of this type 
are employed. 
The Salt Solution 

The remainder of the dispersion consists of an aqueous solution comprising 
from about 2 to about 40 weight percent based on the total weight of the dispersion of 
a water soluble salt selected from the group consisting of ammonium, alkali metal and 
alkaline earth metal halides, sulfates, and phosphates. The salt is important in that the 
polymer produced in such aqueous media will be rendered insoluble on formation, and 
the polymerization will accordingly produce particles of water soluble polymer when 
suitable agitation is provided. The selection of the particular salt to be utilized is 
dependent upon the particular polymer to be produced, and the stabilizer to be 
employed. The selection of salt, and the amount of salt present should be made so that 
the polymer being produced will be insoluble in the salt solution. Particularly 
effective water soluble salts for use in the invention include a mixture of ammonium 
sulfate and sodium sulfate in such quantity to saturate the aqueous solution. While 
sodium sulfate may be utilized alone, we have found that it alters the precipitation 
process during the polymerization. Salts containing di or tri valent anions are 
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preferred for use in the invention because of their reduced solubility in water as 
compared to for example alkali, alkaline earth, or ammonium halide salts although 
monovalent anion salts may be employed in certain circumstances. The use 
accordingly of salts containing di or tri valent anions generally results in polymer 
dispersions having lower percentages of salt materials as compared to salts containing 
monovalent anions. 

It will be seen by those skilled in the art that the selection of particular salt can 
be made by preparing a saturated solution of the salt or salts, and determining the 
solubility of the desired stabilizer and the desired polymer. In a preferred embodiment 
of the invention from 5-30 weight percent based on the weight of the dispersion of the 
salt, will be utilized. Preferably, 5-25 weight percent of the dispersion will be salt, 
and most preferably 8-20 weight percent of the dispersion will be salt. When using 
higher quantities of monomer less salt will be required. 

In addition to the above, other ingredients may be employed in making the 
polymer dispersions of the present invention. These additional ingredients may 
include chelating agents designed to remove metallic impurities from interfering with 
the activity of the free radical catalyst employed, chain transfer agents to regulate 
molecular weight, nucleating agents, and codispersant materials. Nucleating agents 
when utilized generally encompass a small amount of the same polymer to be 
produced. Thus if a polymer containing 70 mole percent acrylic acid (or its water 
soluble salts) and 30 percent acrylamide were to be produced, a nucleating agent or 
"seed" of the same or similar polymer composition may be utilized at a level of from 
0-10 weight percent of the polymer contained in the dispersion, and generally 0. 1-5 
weight percent based on the polymer. Preferably from 0.5-4 weight percent of a 
nucleating agent is used based on the polymer contained in the dispersion. Most 
preferably from 0.75-2 weight percent based on the water soluble nonionic or anionic 
polymer to be produced in the dispersion. 

Codispersant materials to be utilized include dispersants from the classes 
consisting of water soluble sugars, polyethylene glycols having a molecular weight of 
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from about 2000 to about 50,000, and other polyhydric alcohol type materials. 
Amines and polyamines having from 2-12 carbon atoms are often times also useful as 
codispersant materials, but, must be used with caution because they may also act as 
chain transfer agents during the polymerization. The function of a codispersant is to 
act as a colloidal stabilizer during the early stages of the polymerization. The use of 
codispersant materials is optional, and not required to obtain the polymer dispersions 
of the invention. When utilized, the codispersant is present at a level of from 0-10 and 
generally from 0-5 weight percent of the dispersion. When utilized, the codispersant 
is preferably from 0.1-4 weight percent. Most preferably, when utilized, the 
codispersant is present at a level of from 0.2-2 weight percent based on the dispersion. 

The Method 

The dispersion polymers of the instant invention are generally prepared by first 
mixing the ingredients noted above, and, then subjecting the mixture to free radical 
forming conditions with agitation. Preferably, the polymerization is conducted under 
an inert atmosphere to exclude oxygen, and under sufficient agitation to maintain a 
dispersion. The dispersion polymers of the instant invention typically have bulk 
solution viscosities of less than about 25,000 cps at 25°C (Brookfield), and most 
preferably have a viscosity of less than 5,000 cps. Most preferably the dispersions of 
the invention have viscosities of less than about 2,000 cps. At these viscosities, the 
polymer dispersions are easily handled in conventional polymerization equipment. 
The dispersion polymers of the invention typically have molecular weights ranging 
from about 50,000 to about 50 million, and most preferably a lower molecular weight 
of about 1,000,000 to as high as possibly attainable while maintaining water solubility 
of the finished product. Below a desired molecular weight of about 50,000 it is 
often more efficient to manufacture polymers of the type described herein in 
conventional solution form although, dispersion polymers of the type described herein 
can be manufactured at molecular weights of below about 50,000 with careful 
selection of chain transfer agent, catalyst, catalyst amount, and reaction conditions. 

As stated above, the upper limit for molecular weight is limited only by 
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solubility considerations for the polymeric materials being prepared. In a preferred 
method of practicing the invention the pH of the dispersion prior to polymerization is 
adjusted to between 2 and 5 and preferably 2.5 and 4.5 prior to polymerization and 
maintained within this range during the polymerization. The pH of the resultant 
polymer dispersion may be adjusted to any pH value after the polymerization step so 
long as the resultant dispersion remains stable. 

The dispersion may be polymerized using any number of well known free 
radical catalysts. Red-ox catalysts may be utilized, or alternatively, and preferably, 
materials which generate free radicals in aqueous solution can be utilized to conduct 
the polymerization. A preferred class of materials useful in the polymerization of the 
subject invention are available from the Wako Chemical Company. Those skilled in 
the art of aqueous polymerization techniques will readily appreciate the fact that for 
certain polymerizations and for certain monomers, the monomers may be mixed 
together with the water, salt and stabilizer prior to the polymerization, while in other 
polymerizations it may be useful to add either one of the monomers, or both 
monomers stepwise during the polymerization in order to obtain proper incorporation 
of the monomers into the resultant dispersion polymer. The polymerizations of the 
subject invention may be run at temperatures ranging from -IOC to as high as the 
boiling point of the monomers employed. In a preferred embodiment of the invention 
the dispersion polymerizations are conducted at temperatures ranging from -10C° to 
80C° In a preferred embodiment, the temperature of the reaction is generally held at 
about 30 and 45°C. 

In order to exemplify the invention, the following examples are presented. 
Example 1 

This Examples illustrates the preparation of the polymeric stabilizer useful in 
the preparation of the polymers of the invention. 

To a 2.0 liter resin reactor equipped with stirrer, temperature controller, and 
water cooled condenser was added 344.8 grams of a 58% by weight aqueous solution 
of acrylamidomethylpropane sulfonic acid, 657.4 grams of deionized water, and 0.2 
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grams of EDTA. The mixture was heated to 45°C and 0. 10 grams of 2,2' Azobis(2- 
amidopropane) dihydrochloride catalyst was added. The resulting solution was 
sparged with lOOOcc/min of nitrogen gas. After 15 minutes, polymerization began and 
the solution became viscous. After 14 hours the mixture became a very viscous clear 
solution. Thereafter the reactor was heated to 80°C and held at that temperature for 
four hours. To this mixture was then added 666.6 grams of deionized water and the 
mixture recovered. A 12.0% by weight actives solution of 

polyacrylamidomethylpropane sulfonic acid was recovered. The polymer had an 
intrinsic viscosity of 3.73 dL/g when measured in 1.0 molar NaNOj. 
Example 2 

This example illustrates the preparation of the polymeric dispersion of the 
instant invention. 

To a 1.5-liter resin reactor equipped with strirrer, temperature controller, and 
water cooled condenser, was added 479.66 grams of deionized water, 71.27 grams of 
sodium sulfate, 92.78 grams of sodium chloride, 12 grams of glycerol, 30 grams of a 
15% solution of polyacrylamidomethylpropane sulfonic acid having been prepared in 
a manner similar to Example 1 having an intrinsic viscosity of 3.93 dl/gm, 212.07 
grams of a 49.6% solution of acrylamide (1.50 moles), 45.44 grams of acrylic acid 
(0.63 moles), 4.03 grams of a 50% solution of sodium hydroxide, and 0.25 grams of 
EDTA (ethylenediaminetetraaceticacid sodium salt). The mixture was heated to 34°C 
and 0.50 grams of a 4% solution of 2,2' Azobis(N,N'-dimethylene isobutryamidine) 
dihydrochloride was added. The resulting solution was sparged with 1000 cc/minute 
of Nitrogen. After 45 minutes; polymerization began and the solution became viscous. 
After 2 hours the mixture became a milky dispersion. After 7 hours 2.00 gms of a 4% 
solution of 2,2* Azobis(N,N'dimethylene isobutryramidine) dihydrochloride was 
added. The reaction was continued for a total of 24 hours, during which time the 
temperature was maintained at 32-36°C. To the above dispersion was added 50 grams 
of ammonium sulfate. The resulting polymer dispersion had a Brookfield viscosity of 
563cps, a pH of 3.00, and contained 15% of a 70/30 copolymer of acrylamide and 
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acrylic acid with an reduced specific viscosity of 273 dl/gm in 1.0 molar NaN03. 
Example 3 

To a 1 .5-liter resin reactor equipped with strirrer, temperature controller, and 
water cooled condenser, was added 486.66 grams of deionized water, 71.27 grams of 
sodium sulfate, 92.78 grams of ammonium sulfate, 15 grams of glycerol, 50 grams of 
a 12% solution of polyacrylamidomethylpropane sulfonic acid having an intrinsic 
viscosity of 3.84 dl/gm, and prepared in a manner similar to that described in Example 
1, 212.07 grams of a 49.6% solution of acrylamide (1.50 moles), 45.44 grams of 
acrylic acid (0.63 moles), 4.03 grams of a 50% solution of sodium hydroxide, and 0.25 
grams of EDTA. The mixture was heated to 34°C and 0.50 grams of a 4% solution of 
2,2' Azobis(N,N-dimethylene isobutryamidine) dihydrochloride was added. The 
resulting solution was sparged with 1000 cc/min. of Nitrogen. After 30 minutes, 
polymerization began and the solution became viscous. After 1 hour the mixture 
became a milky dispersion. After 6 hours 0.50 grams of a 4% solution of 2,2' 
AzobisO^hT-dimethylene isobutryramidine) dihydrochloride was added. After 7.5 
hours 1.50 gms of a 4% solution of 2,2' Azobis(N,N'-dimethylene isobutryramidine) 
dihydrochloride was added. The reaction was continued for a total of 24 hours, during 
which time the temperature was maintained at 32-36°C. The resulting polymer 
dispersion had a Brookfield viscosity of 1800cps. To the above dispersion was added 
20 grams of ammonium sulfate. The resulting dispersion had a Brookfield viscosity of 
1 85 cps, a pH of 3.35, and contained 1 5% of a 70/30 copolymer of acrylamide and 
acrylic acid with a reduced specific viscosity of 30.4 dl/gm in 1.0 molar NaN0 3 . 
Example 4 

To a 1 .5-liter resin reactor equipped with strirrer, temperature controller, and 
water cooled condenser, was added 501.06 grams of deionized water, 71.27 grams of 
sodium sulfate, 92.78 grams of ammonium sulfate, 0.60 grams of sodium formate, 50 
grams of a 12% solution of polyacrylamidomethylpropane sulfonic acid having an 
intrinsic viscosity of 3.84 dl/gm, and prepared in a manner similar to that described in 
Example 1, 212.07 grams of a 49.6% solution of acrylamide (1.50 moles), 45.44 
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grams of acrylic acid (0.63 moles), 4.03 grams of a 50% solution of sodium 
hydroxide, and 0.25 grams of EDTA. The mixture was heated to 34°C and 0.50 grams 
of a 4% solution of 2,2' Azobis(N,N , dimethylene isobutryramidine) dihydrochloride 
was added. The resulting solution was sparged with 1000 cc/min. of Nitrogen. After 
30 minutes, polymerization began and the solution became viscous. After 2 hours the 
mixture became a milky dispersion. After 3 hours 0.50 grams of a 4% solution of 2,2' 
Azobis(N,N ! -dimethylene isobutryramidine) dihydrochloride was added. After 7.5 
hours 1.50 grams of a 4% solution of 2,2* Azobis(N,N*-dimethylene isobutryramidine) 
dihydrochloride was added. The reaction was continued for a total of 24 hours during 
which time the temperature was maintained at 32-36°C. The resulting polymer 
dispersion had a Brookfield viscosity of 325cps. To the above dispersion was added 
20 grams of ammonium sulfate. The resulting dispersion had a Brookfield viscosity of 
150 cps, a pH of 3.63, and contained 15% of a 70/30 copolymer of acrylamide and 
acrylic acid with a reduced specific viscosity of 25.2 dl/gm in 1.0 molar NaN0 3 . 
Example 5 

To a 1 .5-liter resin reactor equipped with strirrer, temperature controller, and 
water cooled condenser, was added 405.61 grams of deionized water, 62.56 grams of 
sodium sulfate, 81 .44 grams of ammonium sulfate, 20 grams of glycerol, 50 grams of 
a 12% solution of polyacrylamidomethylpropane sulfonic acid having an intrinsic 
viscosity of 3.84 dl/gm, and prepared in a manner similar to that described in Example 
1, 281.88 grams of a 49.6% solution of acrylamide (1.967 moles), 60.33 grams of 
acrylic acid (0.837 moles), 5.35 grams of a 50% solution of sodium hydroxide, and 
0.33 grams of EDTA. The mixture was heated to 34°C and 0.50 grams of a 4% 
solution of 2,2' Azobis(N,N'- dimethylene isobutryramidine) dihydrochloride was 
added. The resulting solution was sparged with 1000 cc/min. of Nitrogen. After 30 
minutes, polymerization began and the solution became viscous. After 3 hours the 
mixture became a milky dispersion. After 4.5 hours 0.50 grams of a 4% solution of 
2,2* Azobis(N,N f -dimethylene isobutryamidine) dihydrochloride was added. After 8 
hours 1.50 grams of a 4% solution of 2,2' Azobis(N,N , -dimethylene isobutryamidine) 
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dihydrochloride was added. The reaction was continued for a total of 24 hours, during 
which time the temperature was maintained at 32-3 6°C. The resulting polymer 
dispersion had a Brookfield viscosity of 2900cps. To the above dispersion was added 
30 grams of ammonium sulfate. The resulting dispersion had a Brookfield viscosity of 
335 cps, a pH of 3.53, and contained 20% of a 70/30 copolymer of acrylamide and 
acrylic acid with a reduced specific viscosity of 26.0 dl/gm in 1 .0 molar NaN0 3 . 
Example 6 

To a 1 .5-liter resin reactor equipped with strirrer, temperature controller, and 
water cooled condenser, was added 428.86 grams of deionized water, 62.56 grams of 
sodium sulfate, 81.44 grams of ammonium sulfate, 1.67 grams of sodium formate, 
0.44 grams of 98% sulfuric acid, 50 grams of the dispersant prepared in Example 1, 
281.88 grams of a 49.6% solution of acrylamide (1.967 moles), 60.33 grams of acrylic 
acid (0.837 moles), and 0.33 grams of EDTA. The mixture was heated to 34°C and 
0.25 gms of a 4% solution of 2,2' Azobis(N,N- dimethylene isobutryamidine) 
dihydrochloride was added. The resulting solution was sparged with 1000 cc/min. of 
Nitrogen. After 30 minutes, polymerization began and the solution became viscous. 
After 3 hours the mixture became a milky dispersion. After 8 hours 1 .50 grams of a 
4% solution of 2,2' Azobis(N,N'-dimethylene isobutryamidine) dihydrochloride was 
added. The reaction was continued for a total of 24 hours, during which time the 
temperature was maintained at 32-40°C. To the above dispersion was added 30 grams 
of ammonium sulfate. The resulting dispersion had a Brookfield viscosity of 1335 cps, 
a pH of 2.92, and contained 20% of a 70/30 copolymer of acrylamide and acrylic acid 
with a reduced specific viscosity of 29.0 dl/gm in 1.0 molar NaN0 3 . 
Example 7 

To a 1.5-liter resin reactor equipped with strirrer, temperature controller, and 
water cooled condenser, was added 321.00 grams of deionized water, 56.48 grams of 
sodium sulfate, 73.52 grams of ammonium sulfate, 25 grams of glycerol, 62.5 grams 
of a 12% solution of polyacrylamidomethylpropane sulfonic acid having an intrinsic 
viscosity of 3.84 dl/gm, and prepared in a manner similar to that described in Example 
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l t 352.82 grams of a 49.6% solution of acryiamide (2.46 moles), 75.76 grams of 
acrylic acid (1.05 moles), and 0.42 grams of EDTA. The mixture was heated to 34°C 
and 0.75 grams of a 4% solution of 2,2* Azobis(N,N'-dimethylene isobutryamidine) 
dihydrochloride was added. The resulting solution was sparged with 1000 cc/min. of 
Nitrogen. After 120 minutes, polymerization began and the solution became viscous. 
After 7 hours the mixture became a milky dough and 0 .25 grams of a 4% solution of 
2,2* Azobis(N,N'-dimethylene isobutryramidine) dihydrochloride was added. After 24 
hours the reaction mixture had become a milky dispersion and 1.50 grams of a 4% 
solution of 2,2' Azobis(N,N'-dimethylene isobutryramidine) dihydrochloride was 
added. The reaction was continued for an additional 7 hours, during which time the 
temperature was maintained at 32-36°C. To the above dispersion was added 30 grams 
of ammonium sulfate. The resulting dispersion had a Brookfield viscosity of 775 cps, 
a pH of 2.95, and contained 25% of a 70/30 copolymer of acryiamide and acrylic acid 
with a reduced specific viscosity of 21.9 dl/gm in 1.0 molar NaN0 3 . 
Example S 

To a 1.5-liter resin reactor equipped with strirrer, temperature controller, and 
water cooled condenser, was added 340.86 grams of deionized water, 56.48 grams of 
sodium sulfate, 73.52 grams of ammonium sulfate, 3.00 grams of sodium formate, 
2.14 grams of 98% sulfuric acid, 62.5 grams of the dispersant prepared in Example 1, 
352.82 grams of a 49,6% solution of acryiamide (2.46 moles), 75.76 grams of acrylic 
acid (1 .05 moles), and 0.42 grams of EDTA. The mixture was heated to 34°C and 0.25 
gms of a 4% solution of 2,2* Azobis(N,N r - dimethylene isobutryamidine) 
dihydrochloride was added. The resulting solution was sparged with 1000 cc/min. of 
Nitrogen. After 60 minutes, polymerization began and the solution became viscous. 
After 90 minutes a second 0 .25 grams of a 4% solution of 2,2' Azobis(N,N'- 
dimethylene isobutryramidine) dihydrochloride was added. After 180 minutes a third 
0 .25 grams of a 4% solution of 2,2* Azobis(N,N'-dimethylene isobutryramidine) 
dihydrochloride was added. After 360 minutes a forth 0 .25 grams of a 4% solution of 
2,2' Azobis(N,N'-dimethylene isobutryamidine) dihydrochloride was added. After 7 
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hours the mixture became a milky dough. After 24 hours the reaction mixture had 
become a milky dispersion and 1 .50 grams of a 4% solution of 2,2' 
Azobis(N,N'-dimethylene isobutryamidine) dihydrochloride was added. The reaction 
was continued for an additional 4 hours, during which time the temperature was 
maintained at 40-48°C. To the above dispersion was added 30 grams of ammonium 
sulfate. The resulting dispersion had a Brookfield viscosity of 610 cps, a pH of 2.90, 
and contained 25% of a 70/30 copolymer of acrylamide and acrylic acid with a 
reduced specific viscosity of 1 2.7 dl/gm in 1 .0 molar NaN0 3 . 

Example, «> 

To a 1 .5-liter resin reactor equipped with strirrer, temperature controller, and 
water cooled condenser, was added 420.77 grams of deionized water, 100.00 grams of 
sodium sulfate, 100.00 grams of ammonium sulfate, 15 grams of glycerol, 50 grams of 
a 12% solution of polyacrylamidomethylpropane sulfonic acid having an intrinsic 
viscosity of 3.84 dl/gm, and prepared in a manner similar to that described in Example 
1, 281.00 grams of a 49.6% solution of acrylamide (1.96 moles), 8.05 grams of acrylic 
acid (0.1 12 moles), and 0.10 grams of EDTA. The mixture was heated to 34°C and 
0.50 grams of a 4% solution of 2,2' Azobis(N,N , -dimethylene isobutryamidine) 
dihydrochloride was added. The resulting solution was sparged with 1000 cc/min. of 
Nitrogen. After 20 minutes, polymerization began and the solution became viscous. 
After 1.5 hours the mixture became a milky dispersion. During the next 4.5 hours 2.58 
grams of acrylic acid (0.36 moles) were added to the reaction mixture. After 4 hours 
0.50 grams of a 4% solution of 2,2' AzobisfN.N 1 - dimethylene isobutryamidine) 
dihydrochloride was added. After 8 hours 1 .50 grams of a 4% solution of 2,2' 
Azobis(N,N'dimethylene isobutryramidine) dihydrochloride was added. The reaction 
was continued for a total of 24 hours, during which time the temperature was 
maintained at 32-36°C. The resulting polymer dispersion had a Brookfield viscosity of 
4300cps. To the above dispersion was added 20 grams of ammonium sulfate. The 
resulting dispersion (4252-162) had a Brookfield viscosity of 355 cps, apH of 3.52, 
and contained 15% of a 93/07 copolymer of acrylamide and acrylic acid with a 
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reduced specific viscosity of 20.5 dl/gm in 1.0 molar NaN0 3 . 
Table I, below gives a summary of Examples 1- 8. 

Table I 

SUMMARY OF PROPERTIES - Examples 2-9 



Product 



Poly (NH,) 2 

% so 4 % 



Na 2 S0 4 



Acrylic 
Acid M% 



Vise, 
cps. 



RSV 



Example 2 15 5.0 



7.1 +9.3* 



30 



563 27.3 



Example 3 15 11.3 



7.1 



30 



250 40.2 



Example 4 15 11.3 



7.1 



30 



150 35.7 



Example 5 20 11.1 



6.3 



30 



335 35.2 



Example 6 20 11.1 



6.3 



30 



1335 38.5 



Example 7 25 10.4 



5.6 



30 



775 30.5 



Example 8 25 10.4 



5.6 



30 



610 16.2 



Example 9 15 12.0 



10.1 



7.0 



355 20.5 



* Includes 9.31% Sodium chloride. 

RSV is reduced specific viscosity measured as a 0.045% by weight polymer solution in 1M 
Sodium Nitrate. 

Acrylic Acid M% is the mole percentage of acrylic acid in the polymer. 



Example 10 



To a 1 .5-liter resin reactor equipped with strirrer, temperature controller, and 
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water cooled condenser, was added 487.88 grams of deionized water, 105.00 grams of 
sodium sulfate, 135.0 grams of sodium chloride, 60 grams of a 15% solution of 
polyacrylamidomethylpropane sulfonic acid having an intrinsic viscosity of 3.76 
dl/gm, and prepared in a manner similar to that described in Example 1, 128.04 grams 
of a 49.0% solution of acrylamide (0.883 moles), 27.26 grams of acrylic acid (0.378 
moles), 2.70 grams of a 50% solution of sodium hydroxide, and 0.15 grams of EDTA. 
The mixture was heated to 45°C and 1.00 grams of a 4% solution of 2,2' Azobis(2 
amidinopropane) dihydrochloride was added. The resulting solution was sparged with 
1000 cc/min. of Nitrogen. After 45 minutes, polymerization began and a milky 
dispersion was formed. Over the next 2 hours and 15 minutes the temperature was 
maintained at 45C. and a solution containing 42.68 grams of 49.0% acrylamide(0.294 
moles), 9.09 grams of acrylic acid (0.126 moles), 0.90 grams of 50% sodium 
hydroxide, and 0.05 grams of EDTA was pumped into the reactor using a syringe 
pump. The reaction was continued for 1 more hour at a temperature of 48°C. Then 
0.25 grams of a 4% solution of 2,2* Azobis(2 amidinopropane) dihydrochloride was 
added. Finally the dispersion was reacted for 2 more hours at a temperature of 55°C. 
The resulting polymer dispersion had a Brookfield viscosity of 430cps, a pH of 3.39, 
and contained 12% of a 70/30 copolymer of acrylamide and acrylic acid with a 
reduced specific viscosity of 3 1 .0 dl/gm in 1 .0 molar NaN0 3 . 
Example 1 1 

This examples illustrates the importance of incorporating a stabilizer into the 
reaction mixture. Without a stabilizer, the viscosity increased resulting in a polymeric 
dispersion resembling a paste. 

To a Miter resin reactor equipped with strirrer, temperature controller, and 
water cooled condenser, was added 548.85 grams of deionized water, 86.8 grams of 
sodium sulfate, 154.4 grams of sodium chloride, 174.05 grams of a 44.8% solution of 
acrylamide (1.097 moles), 32.25 grams of acrylic acid (0.448 moles), 3.60 grams of a 
50% solution of sodium hydroxide. The mixture was heated to 45°C and 0.05 grams 
of 2,2' Azobis(2 amidinopropane) dihydrochloride was added. The resulting solution 
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was sparged with 1000 cc/min. of Nitrogen. The reaction was continued for a total of 
22 hours at 45°C. The resulting smooth white slurry had a Brookfield viscosity of 
21000cps and a pH of 3.0. and contained 1 1 % of a 71/29 copolymer of acrylamide 
and acrylic acid with a reduced specific viscosity of 37.0 dl/gm in 1 .0 molar NaN0 3 . 
This material, prepared in the absence of the stabilizer resulted in a smooth white paste 
like slurry indicating that a stable dispersion did not form. This white paste thickened 
within a few hours and resulted in a mass that could not be handled in conventional 
applications in which this polymer is used. 

Example 12 

This example illustrates the utility of the instant invention in the preparation of 
a homopolymer of acrylic acid. 

To a 1.5 -liter resin reactor equipped with strirrer, temperature controller, and 
water cooled condenser, was added 590.90 grams of deionized water, 80.0 grams of 
sodium sulfate, 140.0 grams of ammonium sulfate, 50.0 grams of 12% of the polymer 
of Example 1, and 20.0 grams of glycerol. In a beaker, 200 grams of acrylic acid, 5.35 
grams of 50% aqueous sodium hydroxide solution, and 0.25 grams of EDTA were 
taken and mixed well. The contents of the beaker were transferred in to the reactor 
and then heated slowly to 32 °C while maintaining uniform mixing. After the reactor 
reached 32°C, 0.5 grams of a 4% aqueous solution of 2,2' Azobis(2 amidinopropane) 
dihydrochloride initiator was added. The resulting solution was sparged with 1000 
cc/min. of Nitrogen. The reaction mixture became cloudy and slightly viscous. Sixty 
minutes after adding the initiator, an additional 0.25 grams of a 4% aqueous solution 
of 2,2' Azobis(2 amidinopropane) dihydrochloride initiator was added. The reaction 
was continued for a total of 24 hours at 32 °C. Four 20 gram fractions of ammonium 
sulfate was added at reaction time 220, 240, 270, and 300 minutes to minimize the 
increase in the in-process viscosity and to maintain an effective mixing. Another 10 
grams of ammonium sulfate was added at reaction time 420 minutes. After 
maintaining the reaction mixture at 32°C for a total period of 24 hours, 1.75 grams of 
a 4% aqueous solution of 2,2' Azobis (2-amidinopropane) dihydrochloride initiator 
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was added. The reaction was continued for another 24 hours (a total of 48 hours) at 
32 °C. The resulting smooth white viscous dispersion had a reduced specific 
viscosity of 14.4 dl/gm for a 0.045% polymer solution in 1 .0 molar NaNOj. 

The results indicated above show the utility of the method discussed in the 
instant application in providing the novel anionically charged dispersion polymers. 
Each of the subject dispersions was stable for a sufficient period of time to allow, in a 
commercial setting, the transport of the material from a chemical manufacturing 
facility to an ultimate end user. Each of the dispersions produced in Examples 1-9 
provided a polymeric material which would rapidly dissolve when the dispersion 
containing the polymer was added to water. 

Several of the dispersions of Examples 1-9 were evaluated against 
commercially available water-in-oil emulsion polymers of approximately the same 
composition as coal dewatering flocculants. The polymers of the subject invention 
were overall more active than equivalent water-in-oil emulsion polymers. 

While the examples presented above deal specifically with the preparation of 
copolymers of acrylic acid and acrylamide, and polyacrylic acid, the process of this 
invention will also work with other combinations of anionic and nonionic monomers, 
as well as homopolymers of anionic and/or nonionic vinyl or allyl monomers. 

Having thus described our invention, we claim: 
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CLAIMS 

1 • An aqueous dispersion of a particulate water soluble polymer 
comprising: 

a) from about 5 to about 50 weight percent of a water soluble polymer 
having been prepared by polymerizing under free radical forming 
conditions at a pH value of from about 2 to about 5: 

i. 0-100 mole percent of at least one anionically charged water 
soluble vinyl monomer; and, 

ii. 100-0 mole percent of at least one nonionic vinyl monomer 

b) from about 0. 1 to about 5 weight percent based on the total weight of 
the dispersion of a stabilizer selected from the group consisting of an 
anionically charged water soluble polymer having an intrinsic viscosity 
in 1M NaN0 3 of from about 0.1-10; 

c) from about 5 to about 40 weight percent based on the weight of the 
dispersion of a water soluble salt selected from the group consisting of 
ammonium, alkali metal and alkaline earth metal halides, sulfates, and 
phosphates; and 

d) balance water, 

said dispersion being characterized as having a bulk Brookfield 
viscosity of from about 10 to about 25,000 cps at 25 degrees C. 

2. The aqueous dispersion of claim 1 wherein the anionically charged 
water soluble monomer is selected from the group consisting of acrylic acid, 
methacrylic acid, acrylamidomethylpropane sulfonic acid, acryamidomethylbutanoic 
acid, maleic acid, fumaric acid, itaconic acid, vinyl sulfonic acid, styrene sulfonic 
acid, vinyl phosphonic acid, allyl sulfonic acid, allyl phosphonic acid, sulfomethylated 
acrylamide, phosphonomethylated acrylamide and water soluble alkali metal, alkaline 
earth metal, and ammonium, salts thereof. 

3. The aqueous dispersion of claim 2 wherein the nonionically charged 
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water soluble monomer is selected from the group consisting of acrylamide, 
methacrylamide, N-isopropylacrylamide, N-t-butyl acrylamide, and N- 
methylolacrylamide. 

4* The aqueous dispersion of claim 1 wherein the anionic monomer is 
selected from the group consisting of acrylic acid and methacrylic acid and their 
corresponding alkali metal, alkaline earth metal, and ammonium salts and the nonionic 
monomer is acrylamide. 

5. The aqueous dispersion of claim 1 wherein the wherein the stabilizer is 

selected from the group consisting of polymers and copolymers of 
acrylamidomethylpropane sulfonic acid containing at least 20 mole percent 
acrylamidomethylpropane sulfonic acid. 

6. The aqueous dispersion of claim 1 containing from about 0 to about 10 

weight percent based on the total weight of the dispersion of a codispersant selected 
from the group consisting of water soluble polyhydric alcohols; water soluble amines 
and polyamines having from 2-12 carbon atoms. 

7. The aqueous dispersion of claim 1 including a nucleating agent wherein 

said nucleating agent is an anionically charged water soluble vinyl addition polymer 
and is present at a level of from about 0 to about 1 0 percent by weight based on the 
total weight of the dispersion. 

8* The aqueous dispersion of claim 1 containing from about IS to about 

40 weight percent of a non-ionic or anionically charged water soluble polymer. 

9. The aqueous dispersion of claim 1 containing from about 0.25 to about 

2 weight percent, based on the weight of the total dispersion, of a stabilizer, and said 
stabilizer is selected from the group consisting of water soluble polymers and 
copolymers containing at least 20 mole percent of acrylamidomethylpropane sulfonic 
acid said stabilizer having an intrinsic viscosity . in 1M NaN0 3 of from about 0.5-7.0 
dl/g. 
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1 0. The aqueous dispersion of claim 4 wherein the water soluble polymer 
contains from 7-100 mole percent anionically charged monomer and from 0-93 mole 
percent of acrylamide, the stabilizer is a homopolymer of acrylamidomethylpropane 
sulfonic acid having an intrinsic viscosity in 1M NaN0 3 of from about 0.5-7.0 dl/g 
and the water soluble salt is a mixture of ammonium sulfate and sodium sulfate. 

11. An aqueous dispersion of a particulate water soluble polymer 
comprising: 

a) from about 1 5 to about 40 weight percent of a water soluble polymer 
having been prepared by polymerizing under free radical forming 
conditions at a pH value of from about 2 to about 5: 

i. 0- 1 00 mole percent of at least one anionically charged water 

soluble vinyl monomer and, 
ii 1 00-0 mole percent of at least one water soluble nonionic vinyl 

monomer 

b) from about 0.25 to about 2 weight percent based on the weight of the 
total dispersion of a stabilizer, said stabilizer selected from the group 
consisting of water soluble polymers and copolymers containing at 
least 50 mole percent of acrylamidomethylpropane sulfonic acid and 
having an intrinsic viscosity in 1M NaN03 of from about 0.5-7.0 dl/g; 

c) from about .4 to about 2 weight percent based on the total weight of the 
dispersion of a codispersant selected from the group consisting of water 
soluble polyhydric alcohols, and water soluble amines and polyamines 
having from 2-12 carbon atoms; 

d) from about 12 to about 30 weight percent based on the total weight of 
the dispersion of a water soluble salt selected from the group consisting 
of ammonium, alkali metal and alkaline earth metal halides, sulfates, 
and phosphates; and, 

e) balance water 
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12. A method for preparing an aqueous dispersion of a water soluble 

anionic polymer which comprises polymerizing under free radical forming conditions 
at a pH value of from about 2 to about 5: 

a) 5-50 weight percent of a mixture containing 

i. 0-100 mole percent of at least one water soluble anionically 

charged vinyl monomer; and, 
ii 100-0 mole percent of at least one water soluble nonionic vinyl 

monomer; 

b) from about 0.1 to about 5 weight percent based on the total weight of 
the dispersion of a stabilizer selected from the group consisting of 
anionically charged water soluble polymers having an intrinsic 
viscosity in 1M NaN0 3 of from about 0.1-10 dl/g; 

c. from about 5 to about 40 weight percent based on the total weight of 
the dispersion of a water soluble salt selected from the group consisting 
of ammonium, alkali metal and alkaline earth metal halides, sulfates, 
and phosphates; and 

d. balance water; 

and then recovering a dispersion of said water soluble polymer, said 
dispersion being characterized as having a viscosity of less than about 
25,000 cps. 

13. The process of claim 12 wherein the anionically charged water soluble 

monomer is selected from the group consisting of acrylic acid, methacrylic acid, 
acrylamidomethylpropane sulfonic acid, acryamidomethylbutanoic acid, maleic acid, 
fumaric acid, itaconic acid, vinyl sulfonic acid, styrene sulfonic acid, vinyl phosphonic 
acid, allyl sulfonic acid, allyl phosphonic acid, sulfomethylated acrylamide, 
phosphonomethylated acrylamide and water soluble alkali metal, alkaline earth metal, 
and ammonium, salts thereof. 

14. The process of claim 12 wherein the nonionically charged water 
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soluble monomer is selected from the group consisting of acrylamide, 
methacryiamide, N-isopropylacryiamide, N-t-butyl acrylamide, and N- 
methylolacrylamide. 

15. The process of claim 12 wherein the anionic monomer is selected from 
the group consisting of acrylic acid and methacrylic acid and their corresponding 
alkali metal, alkaline earth metal, and ammonium salts and the nonionic monomer is 
acrylamide. 

1 6. The process of claim 12 wherein the stabilizer is selected from the 
group consisting of anionically charged water soluble polymers having an intrinsic 
viscosity in 1M NaN03 of from about 0.5-7 dl/g. 

17. The process of claim 15 wherein the wherein the stabilizer is selected 
from the group consisting of polymers and copolymers of acrylamidomethylpropane 
sulfonic acid containing at least 20 mole percent acrylamidomethylpropane sulfonic 
acid. 

1 8. The process of claim 1 5 wherein the mixture contains from 7-100 mole 
percent anionically charged monomer and from 0-93 mole percent of the nonionic 
monomer , the stabilizer is a homopolymer of acrylamidomethylpropane sulfonic acid 
having an intrinsic viscosity in 1M NaN0 3 of from about 0.5-7.0 dl/g and the water 
soluble salt is a mixture of ammonium sulfate and sodium sulfate. 
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rectification together with the international application as provided for in Rule 



2 



91 .1 (f). Furthermore, we would also request that this publication be timed to 
occur within the 18 month time limit noted in PCT Article 21 and assuming that 
the earliest priority date of this application is March 20, 1 996. 

Any special fees required for these publication steps requested in this 
case should be charged to our Ladas & Parry Account No. 1 1637 with WIPO. 



Respectfully submitted. 



KDate 



Attorney foe/Applicant ] 
Jopn J. Chrystal 
Ladas & Parry 

224 South Michigan Avenue 
Chicago, Illinois 60604 
Reg. No. 26360 
(312) 427-1300 



CertUisatUm Under. * 7 rFK 110 
I hereby certify that this paper (along with any paper referred to as being attached or 
enclosed) is being deposited with The United States Postal Service "Express Mail Post Office 
to Addressee" Service under 37 CFR 1.10, "Express Mail" Mailing No. EM440690097US on 
May 22, 1997 and is addressed to The Commissioner of Patents & Trademarks, Washington, 
D.C. 20231. 



Dehra M. Szwnowski 

Name of person mailing paper 

TN THE ITNTTETi STATES RECEIVING OFFICE 

Under The 

PATENT COQ PT^ATTnN TREATY 

APPLICANT: Nalco Chemical Company 
INTERNATIONAL APPLICATION NO: PCT/US97/04275 
INTERNATIONAL FILING DATE: 19 March 1997 

The Commissioner of Patents & Trademarks 
Box PCT 

Washington, D.C. 20231 



RESPONSE TH TNVTTATjnN TO COR RECT DEFECTS 
A C.fiMMTTNT CA T TfiN fEnrtn PCT/RO/132) 

Dear Sir: 

In connection with the filing of the above international application and the Invitation 
dated 25 April 1997, submitted herewith is the Appointment of Agent in favor of the 
undersigned, executed by the applicant. 

In response to the Communication dated 25 April 1997 (Form PCT/RO/132), it is 
respectfully noted that U.S. Serial No. 08/781,646 was filed on January 10, 1997 and is a 
continuation-in-part of U.S. Serial No. 08/620,051 filed March 20, 1996. 

Enclosed is a substitute page 4 of the Request form in which the priority claim has 
been corrected. 



Signature of person mailing paper 
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The Office is also requested to prepare and forward to the International Bureau a 
certified copy of each afore-mentioned priority application. 



Respectfully submitted, 



/17-18 




Timothy J. Keefer, Reg. 35567 
c/o Ladas & Parry 
224 South Michigan Avenue 
Chicago, Illinois 60604 
(312) 427-1300 



Shed No. 



Box No. VI PRIORITY CLAIM 



Further priority claims arc indicated in the Supplemental Box 1 | 



The priority or the following earlier application s) is hereby claimed: 



Country 
fin whiclu or for which, ihe 
application was filed) 



Filing Date 
tdawmontlfveari 



Application No 



Office of filing 
t only for regional or 
international application) 



item < I) 



United States 
of America 



20 March 1996 



08/620,051 



itcm|2) 



United States 
of America 



10 January 1997 



08/781,646 



item (3) 



Mark thefolto*mjs cheek-box if the certified copy of the earlier application is to be issued by the Office u hwh u*> the purposes of die present international 
application a ihe receiving Office la fee may be required!. 

nj"] The receiving Office is herein requested to prepare and transmit to the Internationa! f-t\ tn\ 

LAJ Bureau a certified copy of the earlier application! s) identified above as ttcm(s) : 



Bos No. VI! INTERNATIONAL SEARCHING AUTHORITY 



Choice of International Searching Authority (ISA) t/ftua or more International Searching Authorities ™, 
are competent to carry out the international search, indicate the Authority chosen, the txto-ictter code may be usedt : ISA L 



Earlier search Fill in where a search t international intemaitonal-t\pe or othert by die International S<*arcfitnx A uthonn.- lias already been corned 
out or requested and the A udtontyts now requested to base die international search to die extern possible, tin tin* results of il tat earlier search Identify 
such search or request either by reference to die relevant application tor die translation dujreqfi or by n'ference to die search request: 
Country (or regional Office): Date tday/montluyearj: Number: 



Box No. VIII CHECK LIST 



This international application contains 
the following number of sheets: 

{.request 4 sheets 



2. description 

3. claims 

4. abstract 

5. drawings 

Total 



21 sheets 
5 sheets 
^ sheets 
sheets 

31 sheets 



This international application is accompanied hy the ilem(s) marked below: 



I T~] separate signed 

• l I power of attorney 

, 1— I copy of general 

— I I power ol attorney 

3 I I statement explaining 

* I 1 lack of signature 

a r - 1 priority document's) 

4 * I J identified in Box iio. t'l 



5 * fxl ,cc calculation $ hcel 

separate indications 

deposited microorganisms 



6. [ — I scparat e ^ indicat ions . concemi ng 



7 f— I nucleotide and/or amino acid 
'* I I sequence listing (diskette) 

8 - Q «««cr (specify): check in 



Figure No. 


of the drawing* fifanvl should accomoanv ihe abstract when it w published 




Box No. IX 


SIGNATURE OF APPLICANT OR AGENT 





\ext to each signature, indicate the name of the person Signing and the capacity ut whteh the person signs tif such capacity is not obvious foam readme, the request! 




1. 


Dale of actual receipt of the purported 
international application: 




2. Drawings: 


3. 


Corrected date of actual receipt due to later b*u 
timely received papers or drawings completing 
the purported international application: 




1 ~| received: 


4. 


Date of timely receipt_ of the required 
corrections under PCT Article 11(2): 




| 1 not received: 


5. 


International Searching Authoritv TO A . 
specified by ihe applicant: " loA / 


1 6. | 1 Transmittal of search copy delayed 
| 1 — 1 until search fee is paid 





Date of receipt of the record copv 
hy the International Bureau: 



For International Bureau use only 



PATENT COOPERATION TREATY 



From the RECEIVING OFFICE 
To! : 



TIMOTHY J. KEEPER 
LADAS & PARRY 
224 S. MICHIGAN AVENUE 
CHICAGO.IL 60604 



9? AUG 13 



PCT 



p/gOMMUNICATION IN CASES FOR WHICH 
* OTHER FORM IS APPLICABLE 



Date of Mailing 
(day/month/year) 



REC'D 1 9 AUG 1997 



WIPO 



PCT 



ill AUG 1997 



Applicant's or agent's file reference 
4952A 


REPLY DUE 

See paragraph one below 


International application No. 
PCT/US97/04275 


International filing date 
(day /month/year) 

19 MARCH 1997 


Applicant 
NALCO CHEMICAL COMPANY 



1 . I 1 REPLY DUE within months/days from the above date of mailing 

□ NO REPLY DUE, however, see below 

IMPORTANT COMMUNICATION 

□ 



2. 



INFORMATION ONLY 



COMMUNICATION: 



The Receiving Office has considered applicant's communication filed 22 May 1997. Applicant's 
request for the entry of substitute sheet 4 of the Request form is refused. In this substitute sheet 4 t the 
priority claim in Box No. VI has been changed to correct the filing date of U.S. application 08/781,646 and 
to include a second U.S. application 08/620,051. The filing date of U.S. application 08/781,646 will be 
changed from 20 March 1996 to 10 January 1997 on a rectified, sheet 4 of the Request form. However, 
the request to add U.S. application 08/620,051 as a priority claim is refused. Under PCT Rule 4.10(b), 
only correction of an incorrectly indicated filing date or country of an earlier application, on which priority 
is being claimed, can be made. In addition, the addition of U.S. application 08/620,05 1 is not rectification 
of an obvious error pursuant to PCT Rule 91.1(b). Specifically, the originally filed papers for this 
international application provide no indication of an earlier U.S. application no. 08/620,051. 

The Receiving Office will, however, prepare and forward certified copies of both U.S. applications 
08/620,051 and 08/781,646 to the International Bureau as requested by applicant. An additional fee of 
$15.00 is required for the additional priority application. 

Any further request for correction of the priority claim should be directed to each national or 
regional office during the national or regional stage. 



Address only: 

Commissioner of Patents and Trademarks 
Box PCT 

Washington. DC 20231 



Facsimile No. (703) 305-3230 
Form PCT/RO/132 (July 1992) 



Authorize 




INTERNATIONAL SEARCH REPORT 



Interna tl Application No 

PCT/US 97/04275 



A CLARIFICATION OF SUBJECT MATTER 

IPC 6 C08F2/10 C08F20/54 D21H17/GQ 



According to International Patent Classification (IPC) or to both national clarification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (dassificaoon system followed by classification symbols) 
IPC 6 CQ8F 



Documenuuon searched other than minimum documentation to the extent that such documents are included in the fields 



Electronic data base consulted during the imcmaQonal search (name of data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ' Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



EP 0 183 466 A (KYORITSU YUKI CO., LTD) 4 
June 1986 

cited in the application 

see claims 1.2,6,7,9,12,13; examples 

5,18,20-24 



1-18 



□ 



Further documents are listed in the continuation of box C. 



|X I P*tcnt family members are listed in annex. 



" Special categories of a led documents : 

*A* document defining the general stale of the art which is not 
considered to be of particular relevance 

*E" earlier document but published on or after the international 
filing date 

"L* document which may throw doubts on priority daim(s) or 
which is cited to mahlirh the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or 
other means 

"P" document published prior to the cntcmaoonal filing date but 
later than (he pnorrty date claimed 



"T* later document published after the international filing dale 
or priority date and not m conflict with the application but 
a ted to understand the principle or theory underlying the 
invention 

"X* document of particular relevance; the daimed invention 
cannot be considered novel or cannot be considered id 
involve an inventive step when the doc u ment is taken alone 

"V document of particular relevance; the daimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

*Sl document member of the same patent family 



Date of the actual completion of the international search 



22 July 1997 



Date of mailing of the international search report 

21.08.1997 



Name and mailing address of (be ISA 

European Patent Office. P.B. SSI 8 Paientlaan 2 
NL • 2210 HV Rijswtdt 
Td. ( <► 31-70) 340-2040, Tx. 31 6S1 epo nl. 
Fax ( + 31-70) 340-3016 



Authonzed officer 



Glikman, J-F 



Form PCT/1S A/210 (Mean* tfent) (July It* 2) 



INTERNATIONAL SEARCH REPORT 



luiurmftQon on patent family members 



Internet 1 Application No 

PCT/US 97/Q4275 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 


Publication 
dale 


jp 


1749901 


C 


\J\J V/*T 7J 


jp 


4039481 


B 


t— J \J\J 


jp 


62020502 


A 


29-01-87 


jp 


6072170 


6 


14-09-94 


JP 


62020511 


A 


29-01-87 


jp 


1709901 


C 


11-11-92 


jp 


3074682 


B 


27-11-91 


jp 


61123610 


A 


11-06-86 


AU 


573921 


8 


23-06-88 


AU 


5004085 


A 


29-05-86 


CA 


1267483 


A 


03-04-90 


US 


4929655 


A 


29-05-90 



EP 183466 



04-06-86 



Form PCT/ISA/210 (pataai family anaai) (July IM2) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 



□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 
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